The size of atmospheric Particulate Matter (PM) is important as a determining factor for how long the particle stays in the atmosphere, and where it deposits in the human respiratory tract. Therefore, it is important to analyse PM 2.5 /PM 10 ratios as an indicator of the fine particles and determine how the ratios vary both in space and time. This study uses the most recent 5 years (2010-2014) PM 2.5 and PM 10 data (µg m -3 ) from 46 monitoring stations, which are part of the UK Automatic Urban and Rural Network (AURN). In this paper mostly robust statistics, which are not sensitive to non-normal distributions and to extreme values in both tails of the distributions are applied to assess temporal trends in PM 2.5 , PM 10 and their ratios. PM 2.5 /PM 10 ratios demonstrated considerable temporal and spatial variability in the UK and 5 years median ranged from 0.4 to 0.8, resulting in overall median of 0.65. Theil-Sen temporal trend analysis showed that PM 2.5 /PM 10 ratios have increased at several monitoring sites in the UK despite the fact that both PM 2.5 and PM 10 levels have predominantly decreased. However, trend in PM 2.5 /PM 10 ratios averaged over the 46 monitoring sites was insignificant. Trends in the ratios of PM 2.5 /PM 10 varied during different seasons: spring showed positive significant trend and winter showed negative significant trend, whereas trends in autumn and summer were insignificant. 
INTRODUCTION
Atmospheric Particulate Matter (PM) is emitted by a variety of sources including both stationary and mobile sources. PM might be primary, which are directly emitted by the emission sources, or secondary, which are formed in the atmosphere by the transformation of gaseous pollutants. Most monitoring in the UK and elsewhere are concerned with PM 2.5 and PM 10 (particles ca. less than 2.5 and 10 µm in aerodynamic diameter, respectively). Combustion sources, including road traffics account for the bulk of anthropogenic PM emissions to the atmosphere and predominantly lead to the formation of PM 2.5 , whereas mechanical grinding and crushing activities typically lead to primary emissions of coarse mode particles, the difference between PM 10 and PM 2.5 (PM 10 -PM 2.5 ) (AQEG, 2012) . Coarse mode particles are removed from the atmosphere more quickly by gravitational settling and other processes, whereas fine particles stay for longer in the atmosphere and may move from one region to another (Harrison, 2001) . The regional or long-range transports of fine particulate matter makes PM 2.5 of great concern for regional air quality and are very difficult to control (Zhang et al., 2008; van Donkelaar et al., 2010) . Therefore, it is crucial to characterise the ratios of PM 2.5 /PM 10 to demonstrate how the fine proportion of PM has been changing with time in the atmosphere. Harrison et al. (2010) reported that the size of particles is directly linked to their potential for causing health problems. Particulate pollution can affect human health negatively in various ways, including premature mortality, hospital admissions, allergic reactions, lung dysfunction and cardiovascular diseases (Walters and Ayres, 2001; WHO, 2003) . A growing body of research has pointed towards the smaller particles within the PM as being the most significant in relation to health outcomes (Walters and Ayres, 2001 ). In particular, attention has focused on PM 2.5 as a metric more closely associated with adverse health effects than the larger particle size, although there is still debate as to whether it is actually the fine (PM 2.5 ) and ultrafine fraction (PM 0.1 ) or the particle number that is primarily responsible for the health effects (AQEG, 2012) . The UK Committee on the Medical Effects of Air Pollutants (COMEAP) in 2009 published a report on the effect on mortality of longterm exposure to air pollution, focusing on PM 2.5 as the air pollutant most strongly associated with increased risks of mortality. A more recent report of COMEAP (2010) calculated the overall size of the potential effects of PM 2.5 on mortality in the UK. COMEAP (2009 and showed the public health importance of taking measures to reduce particles pollution, especially PM 2.5 .
Characterisation of temporal variability of PM 2.5 is important as it highlights the time when pollutant levels are high and more likely to cause health problems. Historically long term temporal trend analysis of PM 2.5 in the UK was not possible due to data unavailability. AQEG (2005) reported that measurements of PM 2.5 concentrations were available only at four UK Automatic Urban and Rural Network (AURN) sites from 1998 onwards. The four sites were using TEOM analysers, which did not record the volatile component of the PM 2.5 , thus there were likely some uncertainty as to the trends observed (AQEG, 2012) . Again, the most recent Air Quality Expert Group report (AQEG, 2012) stated that no monitoring sites were identified with long data runs (> 5 years) using reference equivalent instruments for PM 2.5 monitoring. The only data available were those measured by TEOM from 1999 to 2011 at sites in southern England, where they reported a non-significant down trend at the rural, urban background and roadside sites, applying the Mann-Kendall nonparametric test of significance for a trend at the 95% confidence level. From 2008-2009 onward, the number of AURN monitoring sites using reference equivalent instruments for measuring PM 2.5 and PM 10 has increased. Reference equivalent method, such as Filter Dynamic Measurement System (FDMS) is allowed by EU for regulatory purposes. With the increasing number of monitoring sites using reference equivalent method, now it is possible to determine the trends more accurately in PM 10 and PM 2.5 levels and their ratios in the UK.
In this paper, the ratios of PM 2.5 /PM 10 are analysed for the first time using robust (not sensitive to non-normal distribution) statistical methods. The spatial and temporal trends of the PM 2.5 /PM 10 ratios are characterised in a view to better understand the behaviour and potential future impacts of PM 2.5 in the UK. The study intends to determine whether PM 2.5 /PM 10 ratios have increased in the UK more recently and if so what the possible reasons are.
METHODOLOGY
In this study the ratios of PM 2.5 /PM 10 are analysed using data from 46 monitoring stations, which are part of the UK Automatic Urban and Rural Network (AURN) run by the Department for Environment, Food and Rural Affairs (DEFRA). These monitoring stations are shown in Fig. 1 on the UK map. The ratios of PM 2.5 /PM 10 are calculated during the most recent 5 years (2010) (2011) (2012) (2013) (2014) (DEFRA, 2015) . In this paper only those monitoring stations are included where parallel PM 2.5 and PM 10 measurements were available for the most recent 5 years (2010) (2011) (2012) (2013) (2014) . Several stations are excluded due to missing data and, therefore, the number of sites is reduced to 46. Out of these, 27 sites are Urban Background (UB), 12 Urban Traffic (UT), 4 Urban Industrial (UI) and 3 Rural Background (RB) ( Table 1) . For the definition of the site environment type see the Defra website (DEFRA, 2015) . Reference equivalent method Filter Dynamic Measurement System (FDMS) is used for measuring PM 10 and PM 2.5 at these sites, which is allowed by EU for regulatory purposes.
The probability distribution of PM 2.5 and PM 10 is not normal and is highly right (positive) skewed (Fig. 2 , an example of Leeds Centre monitoring site). In this case mean is biased by the large numbers in the right tail, therefore, it is advised to use robust statistical metrics, like median. If parametric tests are applied they can result in biased and erroneous results (Reimann et al., 2008) . In this paper, therefore, mostly robust statistics is applied including median and various percentiles (5   th   , 25   th   , 75  th and 95   th ). Temporal trends in the concentrations of PM 2.5 and PM 10 and their ratios are estimated using Theil-Sen function (Carslaw and Ropkins, 2012) , which is resistant to outliers (for more details on Theil-Sen method see Carslaw and Ropkins, 2012; Munir et al., 2013) . For further analysis the trends are adjusted for meteorological effect applying stl (seasonal trend decomposition using loess) (Carslaw and Ropkins, 2012; Munir et al., 2013) . To see how the actual emissions have changed historically, PM 10 and PM 2.5 emissions (kilotonnes year -1 ) data were downloaded from the UK National Atmospheric Emission Inventory (NAEI) website from 1990 to 2013 and analysed. Trends in secondary nitrate and sulphate ions are also analysed using data from the UK Acid Gases and Aerosols Network (AGANet) from 2000 to 2014.
Data analysis is performed in Statistical Software R (R Core Team, 2014) and its package openair (Carslaw and Ropkins, 2012) .
RESULTS AND DISCUSSION

PM 2.5 /PM 10 Ratios
The ratios of PM 2.5 /PM 10 are shown in Table 1 for all monitoring sites for years 2010-2014. Auchencorth Moss, which is a rural background site, situated 18 kilometres south of Edinburgh city centre in Scotland, showed the lowest PM 2.5 /PM 10 ratios, where the 5 years median was 0.40. The highest PM 2.5 /PM 10 ratio was 0.80 observed at 3 monitoring sites: Hull Freetown, Rochester Stoke and Salford Eccles. The 5 years median of all monitoring sites was 0.65 and the mode was 0.67. PM 2.5 /PM 10 ratios demonstrated considerable temporal and spatial variations in the UK. In Fig. 3 the ratios are grouped according to the environment type of the monitoring sites, where RB stands for Rural Background, UB for Urban Background, UI for Urban Industrial, and UT for Urban Traffic. RB and UI showed much more temporal variability, whereas both UB and UT followed almost the same trend and exhibited less variability. Both UT and UB probably reflected road traffic emissions and therefore showed similar trends, UT being slightly higher. Generally RB and UI sites have more stability in activities and operation conditions and therefore should demonstrate less temporal variability, however this is not what the data show. Data were only available from 3 RB and 4 UI sites, situated in different parts of the country. In contrast, there were 13 UT and 26 UB sites, showing more stable trends which are probably more representative of the country wide PM 2.5 /PM 10 ratios. It is important to mention that the data from rural background sites should be viewed with caution. In the period immediately after installation of the FDMS instruments to measure PM 10 and PM 2.5 , there were several problems with the system, which were resolved in subsequent years. The data from several monitoring sites should be viewed with caution, especially in < 5 µg m -3 range which dominates the frequency distribution. Putaud et al. (2010) who analysed physical and chemical characteristics of particulate matter from 60 rural, urban, and kerbside sites across Europe, reported that ratios of PM 2.5 and PM 10 varied across Europe and ranged from 0.5 to 0.9. They found no clear relationship between the values of the PM 2.5 /PM 10 ratio and the type of site. Likewise, AQEG (2012) reported PM 2.5 /PM 10 ratios ranging from 0.33 to 0.85 in 2010 and from 0.46 to 0.94 in 2009. Furthermore, they reported PM 2.5 /PM 10 ratios 0.33 (industrial), 0.71 (suburban), 0.62 (rural), 0.67 (rural), 0.64 (roadside), and 0.67 (roadside) from various types of UK monitoring sites. PM 2.5 /PM 10 ratios declined with increasing distance (in km) from the Dover, situated in the south-east corner of England (AQEG, 2012) . This is reported to be due to the more significant contribution of secondary PM in the south-east, which predominantly belongs to PM 2.5 fraction.
Temporal Trend in PM 2.5 /PM 10 Ratios
In Table 2 the temporal trends in PM 2.5 /PM 10 ratios during the 5 year period (2010) (2011) (2012) (2013) (2014) th percentile. Slope shows the amount of trend (positive or negative) per year, whereas p.stars relate to how statistically significant the trend estimate is, such as p < 0.001 = * * * , p < 0.01 = * * , p < 0.05 = * and p < 0.1 = +. There are considerable spatial variations in temporal trends throughout the UK. The trends also vary at different statistical metrics used for determining the trends. The trends can be categorised into several groups, for example positive significant, positive insignificant, negative significant and negative insignificant. Furthermore, the significance levels and the metric at which the trend is determined also vary among different sites and at each site.
At median (50 th percentile) 23 monitoring sites demonstrated positive trends out of which 11 were significant (various significant levels), whereas the same number of sites (23) had negative trends out of which 12 were significant (various significant levels). Furthermore, 21 monitoring sites showed positive mean trends (10 significant), whereas 25 sites showed negative mean trends (12 significant). When all metrics (5 th to 95 th percentile and mean) were taken into account, 9 monitoring sites demonstrated negative significant trends, 6 sites demonstrated positive significant trends, 16 sites demonstrated non-significant trends, and 15 sites demonstrated mixed (negative at some metrics and positive at others) trends. For more details of individual site and each metric see Table 2 . These details show that at a considerable number of monitoring sites (almost ¾ sites) either the PM 2.5 / PM 10 ratios have increased or not decreased significantly.
Trends in PM 10 , PM 2.5 and PM coarse Levels
It is important to determine whether the positive trends (at about 10 sites) in PM 2.5 /PM 10 ratio is due to changes in PM 10 levels, PM 2.5 levels or both during the study period (2010) (2011) (2012) (2013) (2014) . Mean trends of PM 10 , PM 2.5 and PM coarse (PM 10-2.5 ) levels during the last 5 years at various monitoring sites in the UK are given in Table 3 . Mostly the trends are negative and significant in all species (PM 10 , PM 2.5 and coarse PM). Out of 46 sites considered in this study, 18 sites have shown non-significant trends and 2 sites have shown positive significant trends in the case of PM 10 , whereas 21 sites have shown non-significant trends and 3 sites positive significant trends in the case of PM 2.5 . For PM coarse, 21 sites showed non-significant and 6 sites showed positive significant trends. The rest of the monitoring sites showed negative trends for all the 3 sizes. Moreover, there are more sites which demonstrated highly significant negative trends in case of PM 10 (12 sites with ** or ***) and PM coarse (13 sites with ** or ***) than PM 2.5 (7 sites with ** or ***). This shows that PM 2.5 levels have experienced proportionally less reduction, or in other words PM 10 and PM coarse have experienced more reductions during the last 5 years. Therefore, PM 2.5 /PM 10 ratios have shown positive trends at many monitoring sites.
Trends in PM 2.5 and PM 10 Emissions
The above analysis showed that PM 2.5 /PM 10 ratios have increased during the last 5 years at about 10 monitoring sites, which showed positive significant trends. However, it is difficult to determine the exact reason for this increase. It would be interesting to see as to what has been the trend in actual emissions of the PM 10 and PM 2.5 . Direct emissions of PM 2.5 and PM 10 in the UK are estimated by the UK National Atmospheric Emissions Inventory (NAEI). According to NAEI (2011) in the UK the single largest source of PM 2.5 emissions in 2009 was road transport exhausts (18%) followed by residential combustion (14%) and non-exhaust emissions from tyre and brake wear, and road abrasion (11%). This indicates that the combined contribution of road transport sources was 29%. AQEG (2012) reported that total PM 2.5 emissions have fallen by 55% since 1990. According to AQEG (2012) a reduction in emissions from the power generation sector probably caused by the switch from coal to natural gas and nuclear power electricity generation and improvement in the performance of particulate abatement plants at coal-fired power stations were the main reasons for the reduction. Road traffic exhaust emissions of PM 2.5 have decreased by 57% over this period due to a reduction in exhaust emissions from road transport due to the continued fleet penetration of vehicles meeting tighter emission standards (AQEG, 2012) . Emissions from combustion processes are generally associated with high values of PM 2.5 /PM 10 ratio, e.g., 0.95 for vehicle exhausts (AQEG, 2012), whereas PM emissions from more mechanical, non-combustion sources, such as mining, quarrying and agriculture, are associated with smaller PM 2.5 /PM 10 ratios indicating that a higher proportion of the emitted PM mass is in the coarse mode. The ratios for tyre wear, brake wear and road abrasion are 0.70, 0.40 and 0.54, respectively (AQEG, 2012) .
To analyse the emissions of PM 2.5 and PM 10 , emission data from 1990 to 2013 were downloaded from the UK to how statistically significant the trend estimate is: p < 0.001 = * * * , p < 0.01 = * * , p < 0.05 = * and p < 0.1 = +. NAEI website. In Fig. 4 ) the ratios have decreased again. This is in contrast to the observed trend in the ratios of atmospheric PM 2.5 and PM 10 concentrations. This might show that either the positive trends in the concentrations of PM 2.5 /PM 10 ratios during the last 5 years are not caused by the actual emissions but by meteorological parameters which has different effect on PM 2.5 and PM 10 chemistry (Vu et al., 2015) , or there are large errors and uncertainties in the estimation of PM emissions from various sources, which need to be addressed.
There are several possible factors that might be responsible for the dissimilarities between the PM 2.5 /PM 10 ratios of emissions and atmospheric concentrations. (a) The atmospheric concentrations are significantly affected by changes in meteorological parameters (e.g., temperature, rainfall, wind speed and direction), whereas the estimated statistically significant the trend estimate is: p < 0.001 = * * * , p < 0.01 = * * , p < 0.05 = * and p < 0.1 = +. Emission estimations of PM 10 and PM 2.5 might have several inherited uncertainties. The estimated uncertainty in total UK emissions is estimated to be between -20% and +30% (AQEG, 2012) . It is unlikely to make satisfactory measurements of emission from diffuse sources, like emissions from coke ovens, metal processing, mining, quarrying and construction as these are variable in time and location and are difficult to measure. Emissions from combustion processes can also be subject to high uncertainty, especially in cases where PM emissions are very low and difficult to measure (e.g., from gas combustion or emissions from vehicles with a diesel particulate filter) (AQEG, 2012) . Moreover, emissions of PM 2.5 from non-exhaust traffic sources, such as tyre and brake wear and road abrasion, are particularly uncertain. The emissions estimation from this area requires urgent attention for further improvement (AQEG, 2012) . Furthermore, the NAEI is unable to quantify two of the key components of coarse particles, which are marine aerosols and resuspended soils and road dusts, neither of which is included in the NAEI. Similarly, concentration measurements could have some possible uncertainties, depending upon the methodology used. (c) PM 10 and PM 2.5 concentrations are measured at local levels, whereas local emission are calculated using national statistics, therefore, the comparison shows significant differences both temporally and spatially (AQEG, 2012) .
Secondary Aerosols
In addition to primary emission sources, PM 10 and PM 2.5 concentrations and their ratios can be significantly affected by secondary aerosols formation in the atmosphere, which is not only dependent on the precursor's emissions, such as sulphur dioxide (SO 2 ) and nitrogen oxides (NO x ) which lead to the formation of secondary aerosols like nitrate (NO 3 -) and sulphate (SO 4 2-), but also on meteorological conditions. Secondary aerosols contribute significantly to the observed PM, especially PM 2.5 concentrations in the UK. AQEG (2012) has shown that regional sources, such as those in the continental Europe dominate the background PM 2.5 concentrations in the UK. They reported high levels of PM 2.5 had a tendency to occur at higher wind speed (~10 m s -1 ) from south or southeast direction, indicating a significant positive contribution from the continental Europe. This contribution was reported for PM 2.5 only, with no considerable increase in the concentrations of coarse particles. Furthermore, AQEG (2012) reported that a large proportion of secondary PM 2.5 transferred from the Europe is made of nitrate particles in the form of secondary ammonium nitrate. Yin and Harrison (2008) reported a significant increase in nitrate content, accounting for about half of the PM 2.5 on the PM 2.5 episode days. The main secondary inorganic components of PM 2.5 in urban areas are nitrate and sulphate. The sulphate and nitrate contents of PM 2.5 are generally high in March and April and are found in the form of ammonium nitrate (NH 4 NO 3 ) and ammonium sulphate ((NH 4 ) 2 SO 4 ), respectively. Therefore, to understand the reason for the long term changes in PM 2.5 concentrations and the ratios of PM 2.5 and PM 10 , it is important to analyse the trends in both nitrate and sulphate ions. Trends in Nitrate and sulphate ions from 2000 to 2014 at the Eskdalemuir monitoring site are shown in Fig. 5 . The data were obtained from the Acid Gases and Aerosol Monitoring Network (AGANet). In Fig. 5 , it is clear that both nitrate and sulphate concentrations have significant negative trends, which were -0.02 (µgm -3 year -1 ) and -0.04 (µgm -3 year -1
) for nitrate and sulphate, respectively. ). AQEG (2012) analysed nitrate and sulphate trends at 12 rural monitoring sites in the UK from 2000 to 2009 and found overall negative trends. This shows that due to reduction in the amount of precursors for both nitrate and sulphate in the UK and Europe, overall levels of secondary nitrate and sulphate aerosols during the study period have declined. Negative trends in both nitrate and sulphate concentrations should have decreased PM 2.5 /PM 10 ratios but in actual observations this is not clearly demonstrated.
Adjusted Trends
For further analysis, trends in PM 2.5 /PM 10 ratios are adjusted for the effect of meteorology, which are presented in Table 4 . In Table 4 considering median trends, there are 6 sites that experienced highly significant (** or ***) positive trends and 7 sites experienced highly significant negative trends, whereas 10 sites had positive significant and 4 sites had negative significant trends either at p < 0.05 or p < 0.1. Overall, 23 sites showed positive trends, among which 16 were significant and the same number of sites (23 sites) had negative trends, among which 11 were significant. In contrast, considering mean trends 6 sites experienced highly significant positive trends and 8 sites experienced highly significant negative trends, whereas 7 sites had positive significant and 3 sites had negative significant trends at either p < 0.05 (*) or p < 0.1 (+). Overall, 22 sites showed mean positive trends, out of which 13 were significant and 24 sites showed negative trends, out of which 11 were significant. Comparing non-adjusted (Table 2 ) and adjusted trends (Table 4) , the number of sites showing positive significant trends (both mean and median trends) has slightly increased in the case of adjusted trends, however the difference is not significant.
In Fig. 6(a) , the trends in PM 2.5 /PM 10 ratios are averaged over 46 monitoring sites from 2010 to 2014. The averaged trend was insignificant. Even when the trend was meteorologically adjusted (not shown), it was still insignificant. When trend was determined for each season ( Fig. 6(b) ), summer (June, July, August) and autumn (September, October, November) had insignificant trends, whereas spring (March, April, May) showed positive significant trend (p < 0.1) and winter showed negative significant trend (p < 0.1). AQEG (2012) has reported that secondary aerosols from the continental Europe added significantly to UK PM 2.5 episode in the spring season. This is probably causing the positive trends in the ratios of PM 2.5 / PM 10 in the months of March, April and May (Fig. 6(b) ). PM 2.5 trend averaged for 46 sites (data not shown) was significant only at p < 0.1 (unadjusted = -0.16 + ; adjusted = -0.4 + ), whereas that of PM 10 (unadjusted = -0.98**; adjusted = -0.74***) and PM coarse (unadjusted = -0.27**; adjusted = -0.25***) were highly significant. This shows again, that both PM 10 and PM coarse concentrations have decreased proportionally more than PM 2.5 , which is probably affecting the ratios of PM 2.5 and PM 10 at several monitoring sites in the UK.
Diurnal, Weekly and Annual Cycles
The average diurnal, weekly and annual cycles of the ratios of PM 2.5 /PM 10 are presented in Fig. 7 . The diurnal cycle (Fig. 7, shows that ratios are higher early in the morning (before 06:00 hr) and in the evening (after 18:00 hr), and lower around the mid-day (about 10:00 to 14:00 hr). The diurnal cycle of each day (Fig. 7, upper panel) shows the same trend, however there is a noticeable difference in the pattern and levels during the weekends. Weekly cycle (Fig. 7, lower-right panel) , presenting the daily average ratios, clearly shows highest ratios on Saturday and Sunday and lowest on Thursday. Annual cycle (Fig. 7 , lower-middle panel) shows highest ratios in winter (January, November, and December). The daily, weekly and annual variations in to how statistically significant the trend estimate is: p < 0.001 = * * * , p < 0.01 = * * , p < 0.05 = * and p < 0.1 = +. the ratios need to be discussed in relation to Fig. 8 , which depicts time variations in the concentrations of PM 10 and PM 2.5 (µg m -3 ). It can be observed in Figs. 7 and 8 that the association between the ratios and the concentrations of both PM 2.5 and PM 10 is not strong and changes during different hours of the day, days of the week and months of the year. Furthermore, no generalisation can be made to determine whether the association is negative or positive as it varies on different time scales. On weekly basis, it can be observed that highest PM 2.5 /PM 10 ratios were observed on weekend when concentrations of both PM 10 and PM 2.5 were low, however this is not true for diurnal cycles because both concentrations of PM 10 and PM 2.5 and their ratios are low at about 14:00 hr. Similarly both ratios and concentrations are high on diurnal basis in the evening (about 20:00 to 21:00 hrs). Also, the concentrations of both PM 10 and PM 2.5 are highest in March and lowest in August, whereas ratios are highest in November and lowest in May. This shows the complex nature of the relationship between concentrations and ratios, which is probably caused by meteorological parameters (Barmpadimos et al., 2012; Vu et al., 2015) . Analysis shows that the associations between PM 2.5 and PM 10 concentrations and their ratios change during different years and at different monitoring sites (data not shown). It is also shown by Vu et al. (2015) that the concentrations and their ratios depend on the distance of the monitoring sites from the source. Furthermore, Vu et al. (2015) have reported that the influences of atmospheric processes on particles vary depending on the particle size. Temperature, wind speed and rainfall are considered the most important meteorological parameters in terms of their effect on both the particle concentrations and their ratios (Barmpadimos et al., 2012) . Charron and Harrison (2003) found that stronger wind speed had significantly stronger effect on larger particles in comparison to smaller ones. Moreover, the concentrations PM coarse increased with increasing temperature (Barmpadimos, 2012) . Due to washout effect rainfall can drastically reduce the concentrations of atmospheric PM. However, Charron and Harrison (2003) reported that ultrafine particles had higher concentrations during the rainy periods. This shows as to how variations in atmospheric processes can affect the ratios between different sizes of particles, and generally high wind speed and rainfall should lead to greater ratios due to their stronger negative effect on larger particle size. The above data analysis showing different trends during different seasons, and literature review reporting that meteorological parameters, such as wind speed, temperature and precipitations have different effect on the concentrations of fine and course particles, probably indicate that PM 2.5 /PM 10 ratios have been affected by meteorological parameters and, therefore, show slightly positive trends during the last 5 years at some monitoring stations. Emission inventory and negative trends in secondary particle concentrations mainly nitrate and sulphate ions suggest that ratios of PM 2.5 /PM 10 should have declined in the UK, however this is not clearly demonstrated by the trend analysis. PM 10 and PM 2.5 concentrations clearly demonstrated negative trends during the study period, however there are no conclusive evidences to prove that PM 2.5 /PM 10 ratios have increased significantly. 
CONCLUSIONS
In this paper the ratios of PM 2.5 /PM 10 and their temporal trends during the most recent 5 years (2010) (2011) (2012) (2013) (2014) are analysed in the UK using data from 46 AURN monitoring sites, using reference equivalent method -FDMS which is allowed by EU for regulatory purposes. Robust statistics, e.g., median, various percentiles, and Theil-Sen trend analysis are applied for data analysis. Five years minimum, median and maximum PM 2.5 /PM 10 ratios were 0.40, 0.65 and 0.80, respectively. Trend analysis at median and various percentiles show that PM 10 and PM 2.5 concentrations (µg m -3 ) have decreased, whereas PM 2.5 /PM 10 ratios have increased during the last 5 years at several monitoring sites, however the average trend of all 46 sites was insignificant. Temporal trend was positive (significant) during spring and negative (significant) during winter, whereas the trend was insignificant in autumns and summer. All PM 10 , PM coarse and PM 2.5 demonstrated negative significant trends, however the trends in PM 10 and PM coarse was much stronger, indicating more reduction in coarser particles. Furthermore, primary PM emissions and secondary aerosols (sulphate and nitrate ions) demonstrated significant negative trends. To conclude it can be said that both PM 10 and PM 2.5 concentrations have experienced significant negative trends. In contrast, PM 2.5 / PM 10 ratios have not declined and have even increased at several monitoring sites throughout the UK. However, the evidences are not conclusive as the paper has some limitations including a short period of time over which the trends are analysed. Therefore the results should be treated cautiously. Further investigations may be required in the future over a longer period of time.
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